The conversion of phytoene into fl-carotene was demonstrated previously in chromoplast membranes prepared from Capsicum fruits (B. Camara et al. 1982 Eur J Biochem 127: 255-258). The direct cyclization of lycopene into fl-carotene and the successful solubilization of the enzymic activity involved in this reaction is reported.
incubation time, the reaction was stopped by the addition of 4 ml of chloroform:methanol (2:1, v/v). Carrier amounts (100 ,g) of i-carotene, y-carotene, a-carotene, and lycopene were added to facilitate the location of the reaction products. Preliminary chromatography was achieved on Silica Gel G plates developed with 40 to 60°C petroleum ether ether (99:1, v/v), which separates the bicyclic carotene fraction (a-carotene and ,Bcarotene with a higher RF value) from lycopene (lower RF value). The Through the use of isolated chromoplast membranes, we have shown that labeled phytoene is desaturated, isomerized, and cyclized to yield ,B-carotene (6) . Lycopene plays a mandatory role in this sequence of reactions in that it is the direct substrate for cyclization, as shown by Camara and Moneger (7) . We report here the direct cyclization oflycopene by Capsicum chromoplast membranes and the solubilization of the enzymic activity involved.
MATERlALS AND METHODS Capsicum Chromoplast Membranes. The chromoplast membranes were prepared as described previously (5) . The medium used for osmotic shock contained: 1 mM MgCl2, 10 mm DTT, and 50 mm Tris-HCl buffer (pH 7.6). The resulting homogenate was frozen overnight at -20°C before centrifugation at 100,000g to obtain a pellet containing membranes.
Solubilization of Lycopene Cyclase Activity. The above membrane fraction was dispersed in 20 ml of buffer solution containing 1 (4) . The radioactivity was determined by liquid scintillation counting (3). An aliquot of the enzyme suspension was used for protein determination according to the procedure of Bradford (2) .
For inhibitor studies, the same reaction conditions as described above were used except that 0.5 mm DTT was used in the case of the sulfhydryl reagents (NEM2, mersalyl, and p-CMB). The lipophilic inhibitors (undecyldiethylamine and tridecyldiethylamine) were prepared from the parent aldehydes (1).
RESULTS AND DISCUSSION
Membrane Bound and Soluble Lycopene Cyclase Activity. Chromoplast membranes incubated with labeled lycopene incorporated up to 30% of the applied radioactivity into the bicyclic carotene fraction. After the addition of carotene standards and rechromatography on magnesium oxide:kieselguhr, the bulk of radioactivity was shown to be incorporated into (3- a-carotene was not labeled (Fig. 1) . This finding was confirmed by HPLC analysis of the total carotene fraction (Fig. 2) and therefore suggested that the conversion occurred without accumulation of a-carotene. The boiled control failed to produce ,Bcarotene, demonstrating the enzymic nature of the reaction.
Attempts were then made to solubilize the membrane bound cyclase. After five extractions of the acetone powder with the phosphate buffer, 80% of the lycopene cyclase activity was extracted. The soluble fraction was capable of converting [3H] lycopene to #-carotene at a specific activity of 0.12 nmol ,Bcarotene/h * mg protein. The rate ofconversion per mg ofprotein was 50% lower with the solubilized preparation than with the membranous enzyme. Whether this phenomenon is due to inactivation of the enzyme or to the reaction conditions remains unexplained. However, this activity was increased up to 3-fold in the presence of 20 mg ofTween 80 in the incubation medium. Therefore, one may suggest that, during the solubilization, the depletion of lipids inactivates the enzyme. A similar result has been reported for the carotenogenic enzyme violaxanthin deepoxidase, which after solubilization, is completely inactivated in the absence of galactolipids (10) . The lability of solubilized lycopene cyclase is suggested by the fact that an 80% decrease of activity was observed after storage for 48 h at 4C in the phosphate buffer used for solubilization.
Effect of Different Factors on the Cyclization of Lycopene to ,-Carotene. The presence of NADP and FAD was not required for the cyclization reaction, though these cofactors were strictly required in the case oftomato preparations (9) . When the sulfhydryl reagents (p-CMB, mersalyl, and NEM were included in the reaction medium at 1 mm, the cyclase activity was severely inhibited. The residual activity in the preparation was 1.7, 0.1, and 1.5% in the presence ofp-CMB, mersalyl, and NEM. These data suggest that -SH groups of the enzyme are involved in the cyclization of lycopene to ,B-carotene.
Due to the potential inhibition in vivo of lycopene cyclization by amine derivatives (8) and to the lipophilic nature of lycopene, we prepared and tested the activity of undecyldiethylamine and tridecyldiethylamine as cyclase inhibitors. The results (Fig. 3) show for the first time that these two compounds act as potent in vitro inhibitors of lycopene cyclase.
Though integrated in plastid membranes, lycopene cyclase is active on solubilization. With more detailed investigation of the stability of the enzyme, further purification may be possible. 
